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Developing a Toolkit and Online Community of Practice to Support Implementation of Engineering in PreK-12 Education (Other)
This paper presents results of front-end research conducted to inform development of a resource website, LinkEngineering, containing materials relevant to teaching and learning engineering at the PreK-12 level as well as a platform for developing a community of practice. The research effort was coordinated by David Heil & Associates, Inc., a contractor to the National Academy of Engineering (NAE). The planned website is the main product of a project at NAE funded by Chevron. Part of the motivation for the project is the recent publication of the Next Generation Science Standards, which include concepts and practices related to engineering as well as science. The goal of the website is to provide guidance to in-and out-of-school educators, teacher educators, professional development providers, and building, district, and state administrators regarding implementation of PreK-12 engineering education in the United States.
The site is being developed in an iterative fashion based on the front-end research and input from early users of the site. A committee of 20 people at the NAE oversees the project; five committee members represent partner organizations in the project: National Science Teachers Association, Council of State Science Supervisors, International Technology and Engineering Educators Association, Achieve, Inc., and American Society for Engineering Education. Front-end research included input at three regional workshops, focus groups, and a national online survey.
In addition to supporting development of the resource website, results of the research may be of broad interest to individuals and organizations engaged in or thinking of becoming engaged in PreK-12 engineering education.
Stakeholder Workshops
Three regional stakeholder workshops were held in Washington, DC, (June 2014), St. Paul, MN (August 2014), and Pasadena, CA (November 2014). These workshops served to provide input from representative samples of educational leaders and potential users of a new online resource for engineering education from across the country. Collectively, these workshops hosted over 200 stakeholders across a broad cross-section of formal and informal education as well as levels of experience with engineering education and online resource access and use. A pre-workshop survey completed by 97 of the 219 total attendees indicated a range of experience in both education and engineering education as well as a mix of grade levels taught. The format for all three stakeholder workshops combined short presentations about PreK-12 engineering (What
Does Engineering Education Look Like When Done by K--12 Students? What Does the Preparation of K--12 Educators to Teach Engineering Look Like? and The Role of Digital
Design in the Project) followed by committee-moderated small-group discussions focused on specific questions related to those presentations. Reporting from the small groups was in the form of notes posted on large poster-sized sheets of paper. Sufficient time was provided between topical sessions for attendees to read and vote (using colored dots) for the ideas that most appealed to them. Page 26.489.3
The dots at the last two workshops corresponded to the stakeholder group (e.g., all middle school teachers had orange, all pre-service teacher educators had green). However, analysis of the dot counts indicated that individuals with different roles in PreK-12 education did not select different top ideas. In fact, for those ideas that had large numbers of dots placed next to them, there was broad representation of the different types of attendees at each workshop, suggesting that the most highly ranked ideas will potentially serve the needs of a broad spectrum of users. Tables 1  and 2 show the ideas with the most votes across the three workshops. Networking opportunities by grade levels such as chat rooms on each grade/project and the ability to upload (resources) 12 The session on the site design included a mock-up of the new site shared by the digital design contractor, Diamax. Between the first workshop in June and the third workshop in November, the site mock-ups became more detailed and responsive to suggestions made in prior workshops. In all three regional workshop locations, this session allowed attendees to get a firsthand look at possible approaches and visuals associated with a new online resource to support PreK-12 engineering education and discuss ideas for website attributes, functions, and features that would maximize use. Table 3 lists the features receiving the most dots during the first two workshops. The third workshop's mock-up was a functional alpha 1 site, allowing attendees to try some simple navigation and resource selections. As a consequence, the small group discussion and reporting task for this session was changed slightly from the previous workshops. Table 4 lists the top features that CA workshop attendees "liked" about the alpha site they previewed, while Table 5 lists features the attendees felt were missing. It is important to notice that reflected in this list are some of the same attributes identified as priorities in the previous two workshops. In all three workshops, attendees were asked at the end of each small group discussion session to write down at least one barrier or challenge that related to the topic at hand (i.e., implementing engineering in PreK-12 education, professional development, accessing and using a website). Analysis showed that many attendees listed similar barriers. During the workshop, the barriers were reviewed and one barrier was distributed to each table for the last small group discussion to identify possible solutions or "work-arounds" for their assigned barrier. At the end of the session, tables posted their solutions on the wall but attendees were not asked to prioritize them using their colored dots. Barriers focused on the accessibility of both technology and content, motivating and welcoming users, recruiting and retaining experts, creating awareness of the site, and keeping the content on the site current and vetted for high quality. In addition, attendees mentioned copyright and security issues and lack of time and resources to use the site or buy supplies for activities.
Solutions were offered for all barriers, although some were viewed as more difficult to overcome. For example, attendees suggested overcoming technology barriers by having materials available on a low bandwidth platform, enabling resources to be downloaded and saved for later use, and providing advance notice of the site to school districts to allow access to the site from behind a school firewall. Suggestions for the accessibility of the content included providing a glossary of terms and simple ideas that teachers could use without too much background knowledge of engineering. Solutions for motivating users and experts included both updated and quality content and creating a shared experience for the users. Suggestions for the currency and quality of the website included having multiple and clear measures of assessment and peer review, archiving outdated materials, and using a combination of expert and crowdsourced vetting of resources.
National Survey
In an effort to reach out to the broadest spectrum of stakeholders and potential users of the website, a national survey was posted online for two weeks in October 2014. The partner organizations, especially ASEE, ITEEA, and NSTA, sent emails to their membership and thus were instrumental in recruiting respondents for the survey. An estimated 80,000 individuals received an email invitation to complete the survey, and the response rate of 1,850 respondents provides a 99% confidence level with a 3% margin of error. Survey respondents were well dispersed across the U.S and work in a variety of community settings.
The majority of survey respondents are currently working in formal education roles as PreK-12 classroom teachers or as PreK-12 school or district level specialists (60%), but a substantial number of other educational professionals including college and university faculty and students, professional development providers, out-of-school and after school educators, independent education consultants and curriculum developers, and professional scientists and engineers also responded. Of those selecting from the provided list of roles, high school teachers made up the largest sub-category, with middle school and elementary school next in rank order. Survey respondents also had a wide range of experience in education, with 33% engaged for more than 20 years, 7% engaged for less than 2 years, and the remaining 60% engaged between 3 and 20 years. Page 26.489.8
One key objective of the survey was to capture input from a broad representative sample of stakeholders and potential users of the new online resource including individuals with a range of prior experience in engineering education, from no experience and novice to advanced and expert levels. Most of the respondents considered themselves Basic (37%) or Advanced (28%), with smaller groups indicating they were Beginner (21%) or had No Experience (10%). Another 5% of respondents considered themselves to be Experts in engineering education. In addition, 60% of respondents had taught engineering to PreK-12 students and had received at least minimal training (e.g., a 1-2 hour workshop) before teaching. The demographic information gathered from the national survey indicates that the project is receiving input from the target audiences of the website.
Respondents were asked about individual and system-wide awareness, confidence and readiness for PreK-12 engineering education. Table 6 summarizes the responses to this set of questions, highlighting the percentages of respondents indicating they either agreed or strongly agreed with each statement. The findings suggest a high level of need to better prepare both formal and informal educators for effectively implementing PreK-12 engineering education. For example, only 20% of respondents agreed that there is an adequate supply of well-designed, quality online resources for engineering education. In addition, 15% of respondents felt that colleges and universities are effectively preparing education graduates to teach engineering, and very few felt that there were adequate opportunities for professional development in engineering education in their community. There are plenty of professional development opportunities in engineering education 9.5% Page 26.489.9
in my community
The survey also asked stakeholders about their interests, needs, motivations, and expectations from a new online resource in engineering education. Respondents indicated their level of interest in a range of online content or topical features and how important certain attributes of an online site were. Table 7 provides the percentages of respondents that indicated modest or high levels of interest in each type of online content or topical feature. Although all features were viewed with interest by a majority of respondents, the top items correlate closely with top priorities of the stakeholders attending the workshops. Examples of real-world engineering, cross-curricular connections, and PreK-12 engineering lesson plans rated by experts are the highest ranked features, although stakeholders are also interested in local resources and professional development opportunities, peer reviews of lesson plans, assessment tools, and video examples of engineering education in both PreK-12 classroom and informal settings. Finally, respondents indicated which barriers (drawn from those suggested at the workshops) would be "essential" or "very important" to address. Ensuring the quality and currency of the content was viewed as most important, although several other barriers were also viewed as important to address. The results are shown in Table 8 . Page 26.489.10 The results described here are potentially useful to a wide range of audiences. First, together with some more qualitative information from focus groups and interviews with the developers of other websites that include both educational materials and a community of practice, the research described has informed the design of the LinkEngineering website to date and will continue to do so. For example, the site contains resources that define engineering and show what it looks like in a PreK-12 classroom, both elements that were requested by stakeholders. The site allows users to follow their own pathway through the site to find resources and connect to other educators. The site also includes resources that address issues of equity and diversity, and there is a mix of expert-vetted and community-sourced resources with a clear distinction between the two. The community section of the website allows users to connect with peers, ask identified experts for help finding or using a resource, and find events and colleagues in their immediate area. Schools and districts can also create profile pages for their teachers to use as collaboration sites. As the site continues to evolve, both web analytics and a beta-user survey will be used to identify areas for further improvements.
In addition, the research results could inform other PreK-12 engineering education efforts. Professional development and teacher education programs could use these results to develop courses or other resources for educators. School and informal education administrators could use these results to develop support systems for educators as they begin to teach engineering, and district or state administrators could also use these results to develop systems to support educators and schools. Finally, these results could be used to inform policy change around PreK-12 engineering education. Page 26.489.11
